Background: The effect of hydroxyapatite (HA) coating on the fixation of a cementless femoral stem is discussed, in particular in cases of primary fixation with geometrically stable components. Therefore, we performed a comparative retrospective study of a series of Alloclassic-SL TM stems to: 1) present the long-term results and 2) evaluate the contribution, if any, of proximal HA coating. Hypotheses: Long-term cementless press-fit ("flat wedge-shaped") fixation is reliable and HA coating only improves the radiological results of the proximal bone-prosthesis interface. Materials and Methods: One hundred and ninety-eight Alloclassic total hip arthroplasties were performed in 179 patients, mean age 66 years old (22-85), including 105 with proximal HA coating and 93 with the original grit-blast coating. One hundred and ninety-three hips were analyzed after a mean follow-up of 9.8 years (1-24 years). Results: Results were excellent or good in 184 hips (95%) with no significant difference between the 2 groups (Merle d'Aubigné ≥ 16 for 89/92 (98%) without HA compared to 95/101 (94%) with HA P = 0.59). Radiographic signs of stable osseointegration were observed in 173 hips (90% of the cases). HA coating significantly improved the radiographic results of the proximal bone-implant interface: (42/92 (46%) of the stems without HA had proximal radiolucencies in zones 1 and 7 compared to 4/101 (4%) with HA (P = 0.0001)). Polyethylene wear > 0.1 mm/year was observed in 6 hips (3%) including 1/101 (1%) in the group with HA versus 5/92 (5.4%) without HA (P = 0.17). One intra-operative femoral fracture occurred and there were 9 dislocations in the first 3 postoperative months (4.5%). The main cause of revision surgery was recurrent dislocation (11/17 cases). The "revision per-100 observed-femoral component years" was 0.10 in both groups and survival for aseptic loosening of the stem was 100% (95% CI = 73.2% to 100%) at 20 years. Conclusion: This study shows that secondary fixation by osseointegration of a straight standard gritblasted titanium alloy non-anatomical implant is reliable. Possible proximal fibrous encapsulation, which is reduced by HA coating, but especially conventional polyethylene wear, were the main limitations of this system. Level of evidence: III retrospective case-control study.
Introduction
Fixation of stems during total hip arthroplasty (THA) is still a subject of debate. Sir John Charnley introduced cement fixation in the 1960's [1] . Since then, more active, younger patients with longer life expectancy have increased the rate of long-term prosthesis to the bone (so-called "anatomic" or "personalized" components); • secondary fixation, either by limiting bone growth in certain specific proximal areas, or promoting bone growth over the largest surface possible for completely microporous implants.
Critics of cementless stems report anomalies in the transmission of stresses to femoral bone with clinical results including thighpain and radiological signs of proximalbone loss (osteopenia, stress shielding).
Since the end of the 1980's, the addition of a hydroxyapatite (HA) coating has become a "third approach" with its own specificity and has been used for numerous femoral components, entirely (Corail, Furlong, etc. . .) or proximally (ABG, Omnifit, etc. . .), despite the risk of migration towards the bearing, which could increase wear when polyethylene (PE) is used [3, 4] . Until now, comparative studies of identical stems with or without HA coating have consistently concluded that HA was not useful [5, 6] .
The intermediate term results of our studies with the Alloclassic-SL TM (Zimmer, Winterthur, CH) grit-blasted titanium alloy stem have been excellent [7] [8] [9] [10] , but to our knowledge, there are no studies comparing the effects of adding HA coating to this straight stem with metaphyseal-diaphyseal fixation. The goals of this study were:
• to update the long-term results of the Alloclassic-SL stem;
• to evaluate the effect of proximal HA coating.
Our hypothesis was that long-term cementless press-fit ("flat wedge-shaped") fixation is reliable and that HA coating only improves the radiological results of the proximal bone-prosthesis interface.
Materials and methods

Materials
In 1972, Karl Zweymüller and Manfred Semlitsch developed the Alloclassic-SL TM system ("StufenLos" = "StepLess" = progressive), a titanium alloy straight femoral stem with press-fit primary fixation with a forged titanium alloy Protasul-100 TM (Ti6Al7Nb) where niobium replaced vanadium [11] . This 130 • varus stem ( Fig. 1a ) is conic and "flat wedge-shaped" without a collar so that it does not press on the femoral neck. Its flared proximal frontal section and the rectangular section provide press-fit anchoring of the metaphyseal-diaphyseal cortex by the four angles. The mean (Ra) and maximum (Rz) surface porosity of approximately 3-5 microns and 20-30 microns respectively are obtained by grit-blasting. On this same surface, an optional 50 ± 10 micron HA coating Osprovit TM (Eurocoating, Cire-Pergine, Italy) has been applied to the upper half of the implant by plasma burner (Fig. 1b ). This stem has been used in our institution since May 1988 and its HA version since 1991.
Patients
From June 1988 to the end of December 2000, 332 primary cementless Alloclassic TM (SL stem and CSF threaded cup, Zimmer, Winterthur, CH) THA were performed by a single surgeon (CD). After excluding a 32 mm head and 133 Metasul TM heads, the study cohort included 198 Alloclassic TM 28 mm head alumina-PE bearing THA in 179 patients (19 bilateral THA, 9.8% ). This included 90 men and 89 women, mean age 66 years old (22-85 years old), mean weight 73 kgs (46-117 kgs) and mean height 165 cms (145-184). Twenty-one percent of patients had a body mass index (BMI) > 30. The etiology of hip disease was: primary osteoarthritis of the hip in 119 cases (60%), dysplasia in 30 cases, 22 cases of rapidly destructive osteoarthritis of the hip, 21 necroses of the femoral head, 5 post-traumatic osteoarthritis of the hip (from necrosis, non union or malunion of the neck of the femur) and one rheumatoid arthritis. Eleven hips (5.5%) had already been operated on: 4 osteotomies, 4 core decompression of the femoral head, 2 hip shelf and one femoral resurfacing.
Patients were not randomized and ninety-three (47%) of the 198 stems were simply grit-blasted while 115 (53%) were coated with HA on the proximal half of the grit-blasted surface. The latter was indicated when femoral bone stock was limited, thus more frequently in women and elderly patients. As a result the two populations differed with more women (P = 0.006) and older patients (P = 0.0013) in the HA group (Table 1 ). The 28 mm heads were Biolox TM alumina ceramic (CeramTech, Plochingen, Germany) with a conventional polyethylene liner (Chirulen TM , Meditech, Vreden, Germany).
All interventions were performed under horizontal laminar flow by posterolateral approach. Prophylactic antibiotics were administered for 24 to 48 hours. Low molecular weight heparin was administered to prevent thromboembolic events and compression stockings were worn for 4-6 weeks. Walking with 2 crutches was allowed immediately with no particular advice concerning weight-bearing. Finally, since 1990, the development of heterotopic ossifications was prevented by systematic administration of non-steroid anti-inflammatories.
Evaluation method and results
Patients were first seen between the 4th and 8th postoperative week and prospectively invited for regular follow-up visits at one year, and every 2 years thereafter. Clinical evaluation was based on the Merle d'Aubigné score (PMA) [12] . At each consultation, AP and lateral X-rays of the hip were obtained. The bone-implant interfaces were analyzed in relation to the 7 Gruen zones on the AP plane [13] . Signs of femoral osseointegration were determined Table 1 Demographic comparison of 198 alumina-polyethylene bearing THA according to coating of the femoral stem (pure grit-blasted tinatium ± HA coating on the proximal half). according to Engh and Massin criteria [14] . Subsidence of the femoral stem was evaluated by measuring and comparing the distance between the tip of the trochanteric wing of the prosthesis and the greater trochanter. The stem was considered to have loosened when variations of more than 2 mm were observed after postoperative year 2. The extent of heterotopic ossifications were classified according to Brooker et al. [15] . Liner wear was evaluated by subtracting the PE thickness in a weight-bearing zone measured on the first postoperative radiograph of the hip in the standing position and the last available control radiograph corrected for enlargement determined in relation to the diameter of the head component and taking into account the original clearance of the head-liner of 0.2 mm. Because of the lack of precision of these measurements, we only included cases of annual linear wear of more than 0.1 mm/year. Five patients were lost to follow-up during postoperative year 1 (including 2 due to early mortality). The results of the 32 other hips in 28 patients who died during this study (or a total of 30 deaths identified in the initial cohort of 184 patients (16%)) were taken into account. Finally, 193 Alloclassic TM THA (or 97.5% of the initial cohort) were evaluated after a mean follow-up of 9.8 years (1-24 years).
Statistical methods
Statistical analysis of the results for qualitative variables was based on the Chi 2 test corrected for continuity. P < 0.05 was considered to be significant. Survival analysis was performed according to Dobbs actuarial analysis by calculating confidence intervals of 95% according to Wilson's quadratic method.
Results
Radiographic and clinical results
The mean global PMA score increased from a preoperative score of 10.1 (1-15) to 16.3 (12) (13) (14) (15) (16) (17) (18) at the final follow-up. According to PMA score, results were excellent or good in 184 hips (95%), with 118 hips that were « forgotten » (61%), while there was no pain in 151 hips (78%) and only 2 hips were scored < 5. It should be noted that six painful hips initially rated 4 were observed from the cohort of 8 stems that subsided during postoperative year 1.
Early radiological results showed: varus implantation in 43 cases (22%), with no significant difference between the 2 groups (P = 0.73) and especially no negative clinical consequences (thigh pain); length discrepancies > 1 cm in 11 hips (5.7%, with 8 leg lengthenings and 3 shortenings) as well as the development of subsidence > 2 mm in 8 stems (4%, including in 2 cases > 5 mm) all within the first two postoperative years. In the last available radiograph signs, of successful osseointegration were seen with "spotwelds"or periprostheticendosteal bone formations in 147 cases (76%) and atrophy of the femoral calcar (zone 7) in 173 cases (90%, Fig. 2 ). Osteopenia of the proximal femur was identified in 17 cases (9%) and complete proximal radiolucencies in zones 1 and 7 in 10 cases (5%). Distal cortical thickening (zones 2-6) was identified in 80 cases (41%) and femoral osteolysis in 3 cases (1.6%). Finally, annual wear above the threshold of 0.1 mm/year was identified in 6 hips (3%). Table 2 summarizes all demographic data and results in relation to the presence of proximal HA coating. The HA-coated stems were more painful (P = 0.015) and did not resist axial subsidence (P = 0.17) better than standard stems. On the other hand, the reduction of reactive lines in Gruen zones 1 and 7 from 46% in standard stems to 4% in HA-coated stems (P = 0.0001) as well as the reduction in radiographic features suggesting proximal osteopenia (P = 0.0039) due to the reduction of stresses were significant. Finally, there was no negative effect on the occurrence of wear (> 1 mm) in PE liners suggesting possible migration of HA particles at the bearing surfaces. The heterogeneous groups and the lack of randomization make it impossible to draw firm conclusions on the other factors studied.
Complications and revision surgery
During surgery, there were 4 femoral fractures (2%): 2 of the greater trochanter, 1 of the diaphyseal femur which was stabilized with cerclage wires with good results despite 8 mm subsidence, and 1 fracture of the calcar treated by single cerclage with no clinical consequences. Postoperative complications are set out in Table 3 . There were 9 early dislocations within the first 3 postoperative months (4.5%) and 13 late dislocations (6.6%), including 5 after the second postoperative year.
In the 198 THA, revision surgery of both components was necessary in 17 cases (excluding orthopedic reduction of dislocation and treatment of superficial infections). Table 4 presents the causes of revision surgery and the treatment; this was mainly recurrent Table 3 Complications and consequences (n = 198 arthroplasties).
Complications
Number dislocation in 11 cases (65% of revisions): 4 of the grit-blasted stems, 7 of HA stems, with no significant difference between the two (P = 0.68). It should be noted that there were no implant or alumina ceramic head fractures. If only the femoral components are considered in these 198 THA, to our knowledge, 2 Alloclassic-SL stems were removed in 24 years: 1 for early infection (revision with a new SL) in the group without HA and 1 for periprosthetic fracture in the group with HA in an 81year old female patient, 12.8 years after the initial THA. After a mean follow-up of 9.8 years, the "revision per 100 observed-femoral component years" was 0.10 (identical in both groups). The probability of survival at 15 years for the event "revision of the femoral stem for any reason" was 98.1% (CI 88.5-99.7%). The progression of survival is set out in Table 5 . Finally, to date, none of the Alloclassic-SL stems have been diagnosed as loosened for a survival of 100% (CI 95%: 72.2 to 100%.) at 20 years for the event «aseptic loosening». a A 20 years follow-up the number of "at risk" prostheses was too low for a reliable survival rate.
Discussion
Our hypothesis was confirmed clinically because results were excellent or good in 184 hips (95%) with no significant difference between the 2 groups. On the other hand, while there were radiographic signs of stable osseointegration in 173 hips (90% of cases), and HA coating significantly improved the radiographic results of the proximal bone-prosthesis interface (P = 0.0001). On the other hand, HA coating did not affect the pain score because 71/101 (67%) of HA stems had a PMA score of 6 compared to 79/92 (87%) without HA (P = 0.015).
This study had limitations:
• excluding mortality (16 hips), 37 THA were lost before 5 years of follow-up or 18% of the initial cohort, although none of them presented with radiological or clinical anomalies suggesting a poor prognosis at the last available review; • the groups were not randomized, resulting in a recruitment bias in the HA group including 69 hips (66%) in patients older than 65.
It was not possible to randomize the groups (with HA compared to without HA) because the HA version became available well after our prospective SL stem study had begun. On the other hand, this series reports the entire experience of a surgeon who did not design the femoral Alloclassic-SL TM system including his learning curve. Cementless fixation of this straight stem was shown to be reliable with 78% of painless hips and only 2 with a Merle d'Aubigné score < 5. The correlation between pain and subsidence was confirmed (6 painful hips for 8 stems) but all of them had stabilized within 3 years. The fact that minimal subsidence can occur within the first postoperative months, it is not surprising in a collarless press-fit stem based on ("flat wedge-shaped") fixation.
We based evaluation of radiological osseointegration of the conventional Alloclassic-SL stem on the following signs described by Engh et al. [14] : major criteria included atrophy of the femoral calcar as a sign of internal proximal unloading, which is voluntary because it is conceptual, and the presence of "spot welds" or periprosthetic endosteal bone formations at any level because microporosity involves the entire surface of the implant. Clear areas bordered by reactive and radiolucent lines (RLL) were observed throughout Gruen zones 1 and 7 in 10 cases (5.2%) extending to zones 2 and 6 in 5 cases (2.6%, Table 2 ). This remodeling takes the form of unwanted proximal fibrous encapsulations, future receptacles and sources of dissemination of debris from PE wear according to the theory of an enlarged "effective joint space" [16] . The addition of proximal HA coating significantly reduced the radiographic frequency of these proximal spaces (P = 0.0001). Finally, radiographic features suggesting clear proximal osteopenia or "stress shielding" was only observed in 3 hips (1.5%). Studies by dual energy X-ray absormetry (DEXA) of the Alloclassic-SL femoral component without HA coating clearly show that bone stock is maintained and intact over time [17] [18] [19] .
The probability of survival of the Charnley-type low friction prosthesis varies from 92 to 89% after 10-15 years of follow-up and 89 to 82% after 15-20 years [20] . In a French series by Mesnil et al. [21] , survival was 89.4% at 10 years. In the current study, survival of the Alloclassic TM THA for the event "revision surgery for any reason" at 15 years was 84.7% (11/17 revisions for recurrent dislocation) and 88.3% with the same implants in the series by Pospischill and Knahr [22] . On the other hand, there were no cases of aseptic femoral loosening in either of these studies while aseptic loosening is the primary cause of THA revision [2, 23] . If the femoral component is considered alone, 15-year survival of the Alloclassic-SL TM stem for the event « revision for any reason» was 98.1% in our study ( Fig. 3 ). For the same exclusion, criteria in the series of 240 third generation cemented Charnley stems, Bjorgul et al. [24] reported survival of only 83.6% at 14 years, which is markedly less than the reported rate with this "gold standard" stem. Table 6 reports survival of other existing conventional cementless femoral stems of the same generation as the Alloclassic-SL TM , most of which are still being used [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] and regularly show survival rates above 95% after 15 years. In this study, with 198, 28 mm heads with conventional alumina ceramic-PE bearings, and despite a minimum thickness of 6.5 mm of PE, global wear > 1 mm was already observed in 6 cases (3%) after a mean follow-up of 9.8 years. In patients under 65 years old, the same bearing on the same Alloclassic-SL TM stem resulted in global wear of conventional PE of 1-2 mm in 9.6% of the cases after a mean follow-up of 8.2 years [10] . On the other hand, in a multicenter cohort of active patients under 50, the Alloclassic-SL TM stem with a Metasul-28 mm head did not show any radiological wear and there was 100% survival at 10 years for the event "revision for aseptic loosening" [35] .
Conclusion
This study confirms the reliability of secondary fixation obtained by osseointegration of the micro-grit-blasted surface of a titanium alloy non-anatomical straight stem. Although the use of HA did not change the clinical results, it improved the radiological signs of proximal osseointegration. The presence of clear proximal fibrous encapsulation in 5.2% of the cases, and conventional PE wear were the remaining weaknesses in this system. The use of proximal hydroxyapatite and hard-on-hard bearing are logical developments to compensate for these limitations.
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